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I. INTRODUCTION

Cavities, or rectangular cutouts, exposed to fluid flow can produce
an intense aero-acoustic environment. Past experience has shown that
severe fluctuating pressures exist in aircraft weapons bays under certain
flight conditions. The amplitude of the fluctuating pressures can be suffi-
ciently high to cause structural damage, malfunction of equipment, and
problems with store separation and trajectories.

The aero-acoustic phenomena associated with pressure oscillations
excited by flow over open cavities have been studied during the past twenty
years by several investigators (References 1 - 7). Some knowledge has been
gained about the phenomena but due to the complex nature of the ﬁroblem, it
is not completely understood. Methods to predict the pressure oééillations
in shallow cavities have been reported in Reference 2. These methods are
empirical and are based on wind tunnel results. A test program was established
in the Air Force Flight Dynamics Laboratory to verify and/or refine these
data from flight tests. Five cavity configurations were tested. This report
presents the results obtained for the cavity with a length to depth ratio
(L/D) of 4 and for the closed cavity configuraéion. The measured data were
correlated with the empirical wind tunnel aero-acoustic predictions and a
modified prediction method resulted. A brief description of the flight test
program is given in Section II and the modified prediction method is presented
in Section III. Section IV presents the major conclusions determined from
this effort. A detailed description of the cavitiés, instrumentation and data
reduction methods is given in Appendix A. Appendix B presents the test pro-

cedure and results and Appendix C contains all of the Tables and Figures.
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11. TEST PROGRAM SUMMARY

The complete program included the flight testing of 5 cavity con-
figurations; three empty cavities, one with an ogive store, and a closed
cavity configuration:to determine the existing boundary layer characteris-
tics. All flight tésts have been completed. Only the results for the 10
inch cavity and thefclosed cavity are presented in this report.

Each of the § éonfigurations were tested at constant pressure altitudes
of 3,000 ft,IZO,ObOEft, and 30,000 ft. The range of Mach numbers tested were
0.61 - 0.93 at 3,000 ft and 0.61 - 1.30 for 20,000 ft and 30,000 ft. Con-
tinuous data were racorded as the ailrcraft slowly accelerated from the lowest
Mach number to the highest Mach number. For each flight condition, with the
opeun cavity, fluctuating pressures were measured at nine locations in the
cavity and static pressures were measured at three cavity locations. 1In
addition vibration levels were measured with an accelerometer. For the
closed cavity instrumentation was provided to define the boundary layer
characteristics prior to opening-the cavity which included a microphone, ther-
mocouple, static pressure port and pressure rake.

Data were recorded on a FM magnetic tape recorder and data reduction and
analysis were performed in the laboratory. Details of the test procedures,

instrumentation, data reduction and analysis are given in Appendix A.
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III. RESULTS

The principal result of this effort is the aero-acoustic environment

5prediction method. The method is presented in five steps.

' STEP I - Determine the resonant frequencies with the modified Rossiter

expression (Reference 2):

f, =

V m-0.25
L M

+ 1.75 m=1,2,3 (11)
1/2

1+ ..Iﬂ MZ)
2
where V is the free-stream velocity, L is the cavity length and M is the

free stream Mach number.

STEP II - Determine the peak one-third octave normalized SPL for £1, £s, and
f3 with:

20 log (P,max/q) = -4 + 20 log (-M2 + 2M -0.7) (8)
20 log (Pymax/q) = 20 log (Pymax/q) -14 (6)
20 log (Ppmax/q) -11 for 0.7
20 log (P3max/q) =
20 log (Pomax/q) for M<0.7 7

where anax are the maximum fluctuating pressures for each mode frequency

' fn‘énd q is the free-stream dynamic pressure.

STEP IIT - Determine the peak one-third octave band amplitude at the desired

longifudinal position for each resonant frequency with the following
equation:

' P P

20 log (q—’“)x/L = 20 log (—nq;"a’i) -10 (1.7 -0.7 X/L -|cos=_X/L|)

(4)
n=1,2,3




= 3.5
%= 6.3
%3 = 10.0

STEP IV - Determine the peak normalized onme-third octave band level of the

broadband spectrum at the location in the cavity from:

PB": P,max
20 log (a—)X/L = 20 log (

) -15 =10 (1~ -’LS) (9)

STEP V - Determine the normalized broadband spectrum from Figure 39.

Another significant finding from the flight test was that dymamic
pressure (q) scaling did not account for the total variation in the SPL
with altitude for certain cavity locations; however, at two cavity locations
scaling with q did account for the complete change in the SPL with a
change in the altitude, i.e., the SPL referenced to q was the same for
any altitude. Previous investigators have shown that for a fixed Mach
number q scaling accounted for any significant change in the SPL for various
pressure altitudes. The reason they did not observe this phenomena could be
due to the cavity positions analyzed. The position selected could be one
at which q scaling accounts for all pressure altitude variationms.

The prediction method presented above is based on empirical results
which were selected to give the highest sound pressure levels in the cavity.
Although scaling with q failed at some points in the cavity the predicted

levels. will be conservative at these locations.

-
. 0.
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IV. CONCLUSIONS

e The experimental investigation reported herein indicates the follow-
4ing conclusions:

1. The cavity resonant frequencies can be accurately predicted by

the modified Rossiter formula.

2. The amplitude prediction methods in Reference 2 were conservative

in predicting both the resonant and broadband SPL observed in actual flight
tests.
The method described in the results section is recommended for pre-

dicting more realistic SPLs for an L/D near 4 and a Mach number range of
.6 to 1.3.

3. The longitudinal variation of the rms amplitude associated with

each resonant frequency can be described as ordered modes.

4. The maximum broadband levels increased towards the aft end of the
cavity by approximately 10 dB.




APPENDIX A
Description of Test Article and Instrumentation

CAVITY MODEL

The‘cavity was 40 inches long, 10 inches deep and 9 inches wide and
was constructed with 0.250 inch thick aluminum (6061-T6). Two 1.50 inch
¥ 1.50 inch X 0.25 inch aluminum (6061-T6) angles were welded to the bottom
for additional support. The additional support raised the natural frequency
of the structure, and thus it was hoped that the resonant frequencies of
the structure and the acoustic resonant frequencies were far enough apart 4
to prevent significant coupling of the two. An accelerometer was mounted in
che floor of the cavity about three-fourths of the distance from the lead-
ing edge to measure the structural vibration amplitudes and frequencies to
Jdetermine whether or not they would interfere with the microphone measure-
ments.

The cavity was mounted in a modified SUU-41 munitions dispensor pod.

A picture of a standard pod is shown in Figure 1* and the necessary modifi-
cations are shown in Figure 2. Figure 3 shows the modified pod mounted on
a RF-4C test aircraft which was employed for the-tests. The SUU-41 pod was
carried on the triple ejection rack (TER) of the:left pylon of the aircraft.
Figure 4 schematically i{llustrates: the mounting.:

A closed cavity configuration was also tested to determine the boundary-
iayer characteristics. A flat plate was smoothly fit over the cavity so
that a boundary-layer rake could be installed just behind the leading edge
of the cavity. The velocity profiles were determined from the rake data,
thus, indicating whether the boundary-layer was laminar or turbulent. The
boundary I%yer noise was also determined by a microphone located just ahead

cf the cavity.

* A1l Tables and Figures referenced are in Appendix C




INSTRUMENTATION

The open cavity was instrumented with nine microphones, one accelero-
meter, a thermocouple and three static pressure ports. The closed cavity
was instrumented with a microphone, thermocouple, static pressure port,
and a pressure rake. The location of the instrumentation is shown in Figure
5 and Figure 6 with a typical mirophone mounting also shown in Figure 5.

The type and models of all instrumentation are presented in Figure 7.

The overall system response for the Model 902H crystal accelerometer
was flat within * 5 percent from 2 to 6000 Hz. The system response for the
Model MVA 2100 microphones was flat within 2 dB from 5 to 6000 Hz while the
Model MVA 2400 was flat within 2 dB from 2 to 6000 Hz.

The accelerometer was calibrated in the laboratory using a Bruel and
Kjaer Type 1606 vibration preamplifier (+ 1 g calibrator). The microphones
were calibrated in the laboratory with a General Radio Type 1552-B sound
level calibrator. The measurement system, once installed in the aircraft,
was calibrated with an insert voltage to account for signal loss through the

cables.

DATA REDUCTION PROCEDURES

All data were continuously recorded on two fourteen channel tape
recorders. The magnetic tapes recorded in-flight were played back in the
laboratory on a Honeywell 7400 record-reproduce system. Overall time histories
and one-third octave band analysis were performed over the frequency range
of 12.5 Hz to 10,000 Hz using a General Radio 1926 multi-channel rms detector
interfaced with a 2116 Hewlett-Packard digital computer., The time histories
were correlated with the specific flight conditions which were recorded on
a voice channel.

For selected microphone and accelerometer data, narrowband (2 Hz)
analyses were performed using a 9300 power spectral density analyzer. The
system linearity is + 0.5 dB for a discrete frequency input. Narrowband

analyses were also obtained using a Hewlett-Packard 5450 Fourier analyzer.

' The data reduction system used is schematically shown in Figure 8.




APPENDIX B
Experimental Procedures and Results

TEST PROCEDURES

The three altitudes at which the flight tests were flown are 3,000 ft,
20,000 ft, and 30,000 ft. The tests include flights for the Mach number
ranges 0.61 to 0.93 for 3,000 ft and 0.61 to 1.30 for 20,000 ft, and 30,000
ft. Data were obtained at all Mach numbers between the two extremes since
the aircraft was slowly accelerated from the lowest to the highest Mach
number (approximately 2 to 3 minutes) with data being recorded continuously.
The majority of the flight requiring speeds in excess of M = 0.9 below
30,000 ft were flown over Lake Huron with the remaining flights being flown

over Washington Courthouse, Ohio.

TEST RESULTS

Boundary Layer Characteristics

a. Velocity Profiles

In order to define the flow conditions for which subsequent data
were taken, boundary layer profiles were obtained for each altitude and
representative Mach numbers. A boundary layer profile rake, thermocouple,
and a static pressure transducer were mounted on the flat plate covering the
cavity as shown in Figure 6. The resulting normalized velocity profiles
are presented in Figure 9 along with the conventional 1/7th power law for
fully-developed turbulent boundary layers. The data indicate that the pro-
files existing at the leading edge of the cavity agree reasonably well with
those for fully developed turbulent flow.

b. Aerodynamic Noise

The microphone located upstream of the cavity (Figure 6) ensabled
the boundary layer noise to be determined. Data were recorded continuously
as with the open cavity runs. One-third octave band spectra were obtained
for each altitude and for approximately every 0.1 Mach number with rep-
resentative results presented in Figures 10 through 13. Figures 10 through

12 show the closed cavity boundary layer spectra along with the spectra for
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Location C of the open cavity at the same conditions. The results show
that the boundary layer noise has no appreciable affect on the open cavity
analysis. The data also display a lack of scaling between the boundary
layer spectra and the open cavity spectra, i.e., the shape of the spectra
are entirely different. This observation was also noted in Reference 2.
The peak that occurs at 400 Hz in the boundary layer spectra is due to the
aircraft power supply used with the instrumentation. Figure 13 depicts the
variation of the normalized boundary layer noise with respect to Mach num-
ber. The normalized boundary layer noise is seen to decrease with increas-
ing Mach number as was expected since it has been shown (Reference 8) that
the normalized boundary layer noise follows the expression:

Prms C1

q | T+cp? S

with constants C; and Cj depending upon the type of boundary layer. The
dynamic pressure (q) may be defined as 0.7 POM2 where P, 1s the local static

pressure and Equation 1 may then be written as:

(1.a)

It is easily noted in Equation 1l.a that for a constant pressure altitude

the rms pressure will increase with an increase in Mach number

Static Pressures

Static pressures were measured at 3 locations in the cavity. Two
pressure transducers were located in the rear half of the floor and one in
the aft wall (See Figure 5). The data are presented as the difference
between the cavity static pressure Pc and the free-stream static pressure
P _normalized with the free-stream static pressure. The data shown in

Figure 14 are typical of that for the entire test. It is seen that the




cavity static pressure increases towards the rear of the cavity as earlier
investigators (References 2, 5, and 7) observed. As the Mach number is
increased the static pressure increases reaching its maximum at the max-— -
imum speed. It must be pointed out that one cannot extrapolate this obser-
vation very far beyond the range of the test because it was found in
‘Reference 2 (for wind tunnel tests) that the static pressure at the rear of
~he cavity starts to decrease around M = 2. This trend was also noted in .
Reference 5.

In Figure 15 the average of the static pressure measured at each R
jocation is plotted as a function of Mach number and compared to previously
obtained wind tunnel data as taken from Reference 2. This figure clearly
shows an increase in cavity static pressure with Mach number. The flight
Jata tend to be above the wind tunnel results which can be explained from
the fact that from the flight data only pressures in the rear half of the
cavity were available, whereas, in the wind tunnel static pressures were
measured over the entire cavity length. Consequently, since the static
oressure increased at the rear qf the cavity the average flight test static
pressure would be greater than the average static pressure determined from

the wind tunnel tests.

#luctuating Pressures

Fluctuating pressures were measured at the nine locations shown in
Figure 5 for all three test altitudes. The data were obtained from micro-
vhones at these locations and were recorded continuously as the aircraft
slowly accelerated from the lowest to the highest Mach number. The recorded
data were analyzed at approximately every 0.1 Mach number using a two
cecond sample time. For the frequencies of interest this insures a good
statistical representation of the data.. Throughout the report the fluctuat-
ing pressures are either presented as sound pressure levels referenced to
20 uN/m2 or are normalized to free stream dyramic pressure and presented *
logarithmically. The dynamic pressures were computed from the free stream

Mach numbers and free stream static pressures. These are presented in Table T

10




for each pressure altitude and Mach number. In addition Table I

includes the quantity required to convert the logarithmic normalized
fluctuating pressures to sound pressure levels, i.e., add the last columns
of Table I to 20 log P/q to obtain the sound pressure level referenced

to 20 uN/m2.

The overall fluctuating pressure time histories from Microphone C for
all three altitudes are presented in Figure 16. These time histories are
representative of all the data observed except the spread between the data
at each altitude differs at different positions along the cavity. This
variation will be discussed in greater detail below when the third-octave
data are presented. The overall levels approximately follow the same trend§
as the third-octave levels since the strong resonances essentially control
the overall levels.

Figures 17 through 25 present the one-third octave band spectra from
Microphones A through I at a Mach number of 0.82 for each altitude (3,000
ft; 20,000 ft; 30,000 ft). The resonant peaks in the spectra are evident
and appear most strongly at the lowest altitude. It is also evident that
dynamic pressure scaling with altitude does not account for the total spread
in the data for all microphone locations. Certain positions in the cavity
scale resonably well while others fail by as much as 20 dB. Figure 26
i{llustrates this failure by presenting the data from Microphones C and D for
3,000 and 30,000 ft altitudes at the 0.82 Mach number. 1In the figure these
data are referenced to the dynamic pressure (q). Position C scales quite
well over the entire spectrum. Position D fails to scale by approximately
10 dB. The only positions that scaled reasonably well were X/L = 0 and
X/L = 0.5. An explanation for this lack of scaling is a tendency in flight
E for the standing wave patterns (explained later in the report) to shift node
; locations with a change in altitude. TIf this occurs it would result in a
| change in the observed SPL that would not be accounted for by dynamic

pressure scaling. Previous investigators (Reference 2) have shown that for wind

11
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tunnel results q scaling accounted for all significant changes in the
SPL with pressure altitude for a fixed Mach number. Fixed wind tunnel

conditions would probably result in a fixed standing wave pattern, thus
scaling would appear to be valid throughout the cavity.

Tn an attempt to verify the mode shapes that were observed in the
tuncel tests (Reference 2), the longitudinal variation in the normalized
amplitudes of the resonant frequencies,taken from Figures 17 - 25,were
vlotted in Figures 27 through 29. The mode 1 frequency 1/3 octave band
éeaks dre presented in Figure 27 and the mode 2 in Figure 28. The data
are for all three altitudes at a Mach number of 0.82. Figure 29 presents
Ehe mode 3 frequency 1/3 octave band peaks for the same conditions. All
of the microphones were mounted in the floor of the cavity except at X/L =
N.75. At this position a microphone was jocated on each side wall at 1/2
the depth of the cavity as shown in Figure 5. The SPL at 1/2 the depth was
assumed to apply on the floor at X/L = 0.75. The amount of error introduced
with this assumption is unknown. Comparisons of the microphones on the
fore and aft wall at the midpoint position with the ones located in the
corner on the floor (See Figure‘S) show that there could be a difference as
great as 9 dB between the two positions. However, at an altitude of 3,000
feet there was essentially no difference in the two amplitudes. Also, at
this position (X/L = 0.75) an average of the two SPLs from the microphones
on the side walls was used. The difference between the two levels was as
high as about 10 4B but typically was near 4 dB. A possible explanation of
this fairly large difference is that the cavity was mounted on an ejection
rack and the rack was mounted on the aircraft pylon, thus the yaw of the
pod may not have been zero as desired. A small yaw angle would alter the
flow over. the cavity and result in significant variations from side to side
of the SPL. The failure of the data to scale with ¢q 1is readily apparent
in Figures 27 - 29 since it is presented referenced to q.

Reference 2 presented observed mode shapes from the wind tunnel tests

for the first three mode frequencies, these are shown in Figure 30.

12




These mode shapes can be described by ramped sinusoidal functions. In
.order to define the longitudinal pressure distribution in the flight data,
- ramped sinusoidal functions of the following form were used:

(SPLn)

— x o<
= (SPL.) - (Al + A () + 4y | cos

X
X/L X/L=1 n il)n=l,2,3 (3

:where (SPLn)X/L are one-third octave band sound pressure levels for the mode

frequencies at nondimensional locations in the cavity.

(SPLn)x /L=1 are the one-third octave band sound pressure levels for
the mode frequencies at the rear of the cavity.

Al, A,, Ay, and «  are arbitrary constants to be determined from
measured data.

The constants were determined to be:

Al = 17
Az = 7
A3 = =10
€ = 3.5
5 = 6.3
=3 = 10

With these constants and with the level normalized with q Equation 3 becomes:

P

P
20 log (EE)X/L 20 1log (—“-ql’-ai) -10 (1.7 -0.7%/L ~|cos= X/L|) (4

n=1,2,3

This equation is plotted in Figure 31 along with the measured data. Very

good agreement is obtained for these conditions at nearly all locations in

the cavity. The largest discrepancy occurs at X/L = .75 where the microphones
were not located on the floor as described above. For simplicity, Equation

3, with the constants determined from the measured data for the 3000 foot
altitude, will be used to predict the longitudinal distribution for all con-
ditions by assuming dynamic pressure (q) scaling. This assumption will result,

13




for the higher altitudes, in overpredicting the SPL at those locations
where dynamic scaling failed as shown in Figures 27 through 29.

The one-third octave band spectra from Microphone C are presented in
Figures 32 - 34 to show Mach number effects. The peak frequencies and
amplitudes are seen to increase with Mach number as expected. The ampli-
tude of the resonant frequencies are shown in Figure 35 as a function of
Mach number for the 20,000 ft altitude. With a smooth curve faired through
each set of points it is evident that the dominant frequency "switches"
from mode 3 to mode 2 at approximately a Mach number of 0.7. The other
two altitudes displayed similar trends. An explanation for this "switching"
is not readily apparent and thus subject for further investigation.

In order to use Equation 3 it is necessary to obtain the maximum
amplitude for each mode frequency that occurred during the tests. The
worst case prediction curve offered in Reference 2 used the same value for
each frequency even though the data shows significant differences between
them. The curve in Figure 36 represents the amplitude prediction method of
Reference 2. The peak one—thir@ octave band levels obtained from all the
flight tests were within the shaded area of Figure 36. Also given in the
figure is a curve which encompasses all the flight data which was determined

by the method of least squares. This curve is defined by:

20 log = -4 +20 log (-M2 +2M -0.7) (5)

The shaded area in Figure 36 represents a change in SPL of nearly 30 dB.
Consequently if a worst case prediction is used for all frequencies and
locations in the cavity it is possible to overestimate the environment by
this amount. The approach taken above to describe the longitudinal dis-
tribution of the fluctuating pressures will greatly reduce this error. It
can be further reduced by defining the maximum SPL for each mode frequency.

Consideration of all the flight test data showed that in nearly every case
; the maximum measured level corresponded to the mode two frequency (e.g.,

Figure 35). This indicates that the normalized level for the mode 2
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frequency can be determined from Equation 4. The mode 1 and mode 3 levels

e were below this value by 14 and 11 dB respectively for Mach numbers above

about 0.7. Thus, the normalized level of these two mode frequencies can

be expressed by:

51 P) max
20 log (—q“i‘;’i) = 20 log (—q—) -14 (6)
PZ max
Py nax. 20 log (5 -1t M>0.7
20 log (2% = P .
q 2 max )
20 log G——a—— ) M<0.7

where P2 is determined from Equation 5.
max

P
20 log (Z—J‘ﬂ) = 4 420 log (-M2 +2M -0.7) (8)

The use of Equations 4 through 8 will permit the determination of the
one-third octave band levels corresponding to the first three mode frequencies
at each location in the cavity. The procedures used will result in predicted
levels which are not nearly so conservative as ‘those obtained from the methods
of Reference 2.

When predicting the aero-acoustic environment that will result in a
cavity exposed to fluid flow, the broadband as well as the narrowband part of
the spectrum must be considered. An approximate prediction method for the
broadband levels was presented in Reference 2. It was concluded that the
maximum normalized broadband level decreased with increasing Mach number and
shifted to a higher Strouhal frequency. The current data tends to show an
opposite effect, that is, the normalized broadband levels increase with
increasing Mach number. This is illustrated in Figure 37 by the one-third
octave band data from Microphone C for various Mach numbers. If a smooth curve

is drawn through each spectrum, omitting the discrete frequencies, the maxi-

‘mum normalized broadband level increases with an increase in Mach number.
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There is a tendency for the maximum to shift to a higher Strouhal
frequency as observed in Reference 2.

Figure 38 shows the one-third octave band spectra at locations along )
the cavity for an altitude of 3,000 ft and Mach number of 0.82. Dis-
regarding the peaks, the data show a tendency for the broadband noise levels
to increase from the front to the rear of the cavity. The only position
that does not follow the trend is D. However, for prediction purposes it
" will be assumed that the maximum broadband level linearly increased 10 dB e
from the fore end to the aft end of the cavity.

The maximum broadband level appears in Figure 38 to be 15 dB below the
level of the mode 2 frequency at the rear of the cavity. The maximum one-
third octave band level of the broadband noise and the longitudinal variation
can therefore be described by:

P

b P2 max X
20 log (5—) = 20 log (———Ef—) -15 ~-10 (1- i) (9)

X/L
where Pb is the rms pressure in the peak one-third octave band of the broad-
band spectrum.

A suggested shape of the broadband spectrum is given in Figure 39
relative to the maximum third octave band level defined by Equation 8. The
one-third octave band spectrum is assumed to peak at a nondimensional Strouhal

frequency of about 0.8.

Resonant Frequencies

To identify the discrete resonant frequencies in the recorded data
narrowband (2 Hz) frequency spectra were obtained from various microphone loca-
tions and each altitude. Typical narrowband spectra are shown in Figures 40 -
45 for Microphone C at all three altitudes and various Mach numbers. The
nondimensional resonant frequencies or Strouhal number (S = fL/V) were cal-
culated for each observed resonant frequency f. The free-stream velocity was
calculated from the free-stream static temperature. Only those resonant

frequencies that were 5 dB or more above the broadband level were used to

Wale
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calculate the nondimensional frequencies. The resulting frequencies are
summarized in Figure 46 along with the results from wind tunnel tests
(Reference 2) for a cavity with an L/D ratio equal to 4. The curves

represent Rossiter's semiempirical equation. This equation

=y _ = =
E=1 w-i/g, m=1,2,3 (10)

" assumes the cavity temperature approaches the free-stream static temperature.
The values of the empirical constants, = and K, used were 0.25 and 0.57,
respectively. It should be noted that this equation deviates from the daté~
at the higher Mach numbers. The reason for this difference is the assumption
that the cavity temperature approached the free-stream static temperature.
Heller (Reference 2) modified this equation by assuming the cavity tempera-

ture approached the free-stream stagnation temperature, The modified form

m -0.25
M

K-1
2

\'
b = T

+1.75 m=1,2,3 (11)

1/2

Q+ M2)

is seen in Figure 47 to fit the data better and 1s recommended for predicting

resonant frequencies.

Vibration Levels

The vibration levels were measured by an accelerometer mounted on the
floor of the cavity at 3/4 of the cavity length from the leading edge
(See Figure 5). Data were recorded continuously by the same instrumentation
as that used with the microphones and one-third octave band analyses were
performed for all three altitudes at about every 0.1 Mach number.

Figures 48 and 49 show typical acceleration one-third octave band spectra
referenced to lg. Variation of the acceleration level with respect to altiiude

. is displayed in Figure 48 while the variation with respect to Mach number is
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shown in Figure 49. It is seen that the vibration amplitude increases with
increasing Mach number; decreases for higher altitudes; and there are pre-
dominate resonant frequencies present. These same trends were noted from

the microphone data. It is evident that there is some coupling efféctv

between the acoustic oscillations within the cavity and the vibration of the E %
cavity walls. Thus, it remains to be determined whether or not the vibration

ra

amplitude is of sufficient magnitude to significantly affect the microphone e

readings.

e '

The vibratory sensitivity of the micrcphones used was 90 dB/1lg, i.e.,

-

ig of acceleration of the microphone would produce not more than a2 90 dB

reading. Figure 50 shows the SPL for Microphone E (the nearest one to the -
accelerometer, see Figure 5) along with the corresponding SPL that a micro-

phone would show due to the measured acceleration for h = 3,000 ft and

a Mach number of 0.82. There is a 25 dB or more difference between the two

curves at all frequencies, therefore, it can be assumed that the vibration

effect on the microphones was insignificant. It was also assumed through-

out the report that the acoust%c energy input to the system from the vibra-

tion of the walls was qegligible.

Prediction Method for Fluctuating Pressures

The results presented above can be used to predict the characteristics
of the fluctuating pressures which will occur in open rectangular cavities.
The step by step procedures required to obtain the one-third octave band

spectra at various locations in the cavityare given below:

STEP 1 - Determine the first three resonant frequencies from the modified

Rossiter equation from:

£ V m-0.25
m L M +1.75 m=1,2,3 (11)
(L w12
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STEP 2 - Determine the maximum normalized one-third octave band amplitude

for each frequency from:

P
20 log ( 2qmax) = —4 + 20 log (-M2 +2M -0.7) )
P1 max P2 max l
20 log (__E___) = 20 log 6—7;——0 -14 (6)
H
|
P i
P 20 log (—2-B2%y _11 M>0.7
3 max q
20 log ( ) = P . (7)
d 20 log 6—7;—-0 M<0.7

STEP 3 - Determine the longitudinal variation of the one-third octave

amplitude for each mode frequency from:

Pn
20 1 —
og (q )

X/L

P
_ n max - X _ X
= 20 log (BPE%) -10 (1.7 -0.7 & | cos=_ =) (&)

n=1.2.3

STEP 4 - Determine the peak normalized one-third octave band levels of the
broadband spectrum at the location in the cavity from:

P

b PZ max X
20 log (E—) 20 log 0—7;——0 -15 -10 (1- f? 9)

X/L
STEP 5 -~ Determine the normalized broadband spectrum from Figure 39.

The prediction method given above is empirical and applies to a rec-
tangular cavity with a L/D of 4 and a Mach number range from 0.6 to 1.3.
Additional flight data are being analyzed to extend those methods to other

}1/D ratios.

Working Example

For clarity an example is presented illustrating the use of the pre-

diction method and a comparison is made of results of this method to those
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obtained from Reference 2.

Consider the case of an aircraft flying at Mach 0.9 near sea level with
an open nearly rectangular cavity 20 feet long and 5 feet deep:- It is
desired to predict the aero-acoustic environment at the center and at the
rear of the cavity. The solution is obtained as follows: :

From Step 1 (Equation 11) the first 3 mode frequencies are determined

to -be:
f. =
£ 15 Hz
f2 = 34 Hz
£ =
L3 54 Hz

Equations 6, 7, and 8 of Step 2 are used to calculate the maximum normalized

amplitude for each mode frequency and results in the following values:

20 log (leax/q) = -29 dB
20 iog (szax/q) = =15 d38
20 log (P3max/q) = -26 dB

The amplitude cof each mode frequency at the center and rear of the cavity are

determined from Equation 4. The results, referenced to 20uN/M2, are:

for X/L 0.5
SPLl = 148 dB
SPL2 = 170 dB
SPL3 = 152 dB

for X/L =1.0
SPL. = 160 dB

i
SPL2 = 174 dB
SPL3 = 163 dB

Step 4 (Equation 9) is then used to obtain the peak normalized one-third

octave band levels of the broadband spectrum at the two locations and are

Pb

20 log (T)X/L =0.5° -35
) Pb

20 log (q—)X/L - 1.0 ="30

20




The final step is to determine the broadband spé&?;um from Figure 39.

The spectra obtained are shown in Figure 51 aibng with the spectrum
one would predict using the scheme offered in Reference 2. The current
results show resonant modes 1 and 3 compiétely attenﬁated for the center
position, this is due to the longitudinal mode shapes. The X/L'A= 0.5
position is seen in Figure 31 to be a node for the mode 1 and 3 frequencies
while an antinode for mode 2. Thus, there is almost 30 dB difference between
the two prediction schemes at the center of the cavity for modes 1 and 3.
However, it should be noted that the prediction schemes agree fairly well
for the maximum level predicted at the rear of the cavity for the mode 2

frequency.
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APPENDIX C

TABLE AND FIGURES
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MACH STATIC DYNAMIC P s
NR PRESSURE PRESSURE 20 LOG cji—ﬂ
Pm qoo @
(psia) (psia) (dB)
0.61 4.37 1.12 172
6.76 1.73 175
13.17 3.37 181
0.71 4,37 1.56 174
6.76 2.41 178
13.17 4.69 184
0.82 4.37 2.06 177
6.76 3.19 181
13.17 6.21 186
0.93 4.37 2.66 179
6.76 4,11 183
13.17 8.01 189
1.05 4.37 3.35 181
6.76 5.19 185
13.17 10.11 191
1.17 4.37 4.18 183
6.76 6.47 187
13.17 12.60 193
1.30 4,37 5.17 185
6.76 8.00 189
13.17 15.58 194

TABLE I PRESSURE REFERENCE DATA
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FIGURE 2 MODIFICATIONS TO THE STANDARD SUU-41 DISPENSER POD
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